The composition and biological activity of the essential oils from leaves, fruits, stems and bark of Protium confusum are reported for the first time. Forty-six to sixty-three constituents were identified ranging from 73.8% to 98.5% of the samples. Limonene (60.2%) was the main component in the fruit oil, whereas spathulenol (19.3%), β-caryophyllene oxide (14.1%) and β-caryophyllene (8.0%) reached the highest percentages in the oil from leaves. The volatile oils from bark and stems showed the same major constituents: p-cymen-8-ol (14.4% and 6.1%, respectively), spathulenol (9.5% and 9.0% respectively), and hexadecanoic acid (8.4% and 7.8%, respectively). The composition of the essential oils differed significantly from those of previously investigated Protium species. Three out of the four samples exhibited antibacterial activity against Staphylococcus aureus and Mycobacterium smegmatis, the one from leaves being the most active, with MIC values of 62.5 μg/mL in both cases. No activity against Candida albicans was detected. The bark oil showed the highest larvicidal activity against Aedes aegypti (LC 100 = 125 μg/mL).
The genus Protium is one of the largest and most heterogeneous of the Burseraceae family, comprising about 135 species, which predominate in the neotropics. Many of them are attractive commercial botanical sources of aromatic products, such as oleoresins and essential oils, which have been used since ancient times as important therapeutic agents in folk medicine for their wound healing, antiinflammatory, tonic, stimulant, analgesic and expectorant properties [1, 2] . The decoction of the bark of P. panamense is used in Nicaragua, both orally and topically, for aches and pains, as a digestive and for expelling worms [3] . Popularly, the resins of Protium spp., which are an important source of copal [4] , are burned and used as an insect repellent and as incense [1] . Some of them also provide valuable essential oils to the perfumery industry.
Within the framework of our ongoing research on aromatic flora from Panama, the present work deals with the chemical composition and the biological activity of the essential oils from stem bark, stems, leaves and fruits of Protium confusum (Rose) Pittier (synonyms P. correae D.M. Porter, P. inconforme Pittier, P. schippii Lundell, and Icica confusa Rose) [5] , which is commonly known in Panama as copal, copá, chutra, and alcanfor. It is a tree 5-15 m in height with alternate imparipinnated leaves and green to yellowish aromatic flowers. The fruits are ellipsoid green capsules changing to red on maturity. The plant grows between low and medium elevations in humid tropical climates in Mesoamerica. The detachment of any part of the plant yields a transparent, colorless and aromatic resinous exudate. In Panama, the resin of P. confusum is used in folk medicine for the treatment of colds, asthma and headache, as an anthelmintic and for its wound healing properties [6] . Until now, neither data on the chemical constituents nor the biological activity of the resin or extracts of this species are available in the scientific literature, although those of other Protium spp. have been previously studied [7] [8] [9] [10] [11] [12] [13] [14] [15] . The essential oils from the oleoresins of several Protium spp. have been shown to possess antimicrobial, antiinflammatory, antinociceptive, antioxidant, antitumor, acaricidal, molluscicidal and cercaricidal activities [2, [16] [17] [18] [19] [20] [21] . Some of these activities have also been reported for the volatile oils from other parts of the plants, mainly leaves and fruits [1, 2] .
The air-dried fruits, leaves, bark and stems of P. confusum gave by hydrodistillation essential oils with yields of 0.65%, 0.13%, 0.10% and 0.05%, respectively. The results obtained are shown in Table 1 .
In the oil from fruits, fifty-six constituents were identified, representing 98% of the total sample. Monoterpene hydrocarbons (89.3%) were the main constituents, limonene (60.2%) being the major one, followed by 3-carene (9.4%) and p-cymene (6.6%). In contrast, the leaf oil was characterized by a high percentage of sesquiterpenes (ca. 72%), mainly oxygenated (45.7% of the oil), among which spathulenol (19.3%), β-caryophyllene oxide (14.1%) and β-caryophyllene (8.0%) reached the highest percentages. More than 78% of the oil (45 components) was identified.
The oils from stems and bark showed a similar composition pattern, characterized by a high content of oxygenated compounds (66.3% and 64.3%, respectively), well differentiated from the essential oils from fruits and leaves. Forty-one and forty-seven compounds were identified, respectively in these samples, representing 74.4% and 76.7% of the oils. p-Cymen-8-ol (14.4% and 6.1%), spathulenol (9.5% and 9.0%) and hexadecanoic acid (8.4% and 7.8%) were found to be the major constituents.
Several papers on the chemical composition of the essential oil from the resins of Protium spp. can be found in the literature, but none dealing with the volatile oils from aerial parts of the plants, such as fruits, bark, branches and leaves. Among them, the oils from leaves of different Protium spp. have been reported by different authors to contain mainly sesquiterpenes, such as caryophyllene derivatives, and trans-isolongifolanone or β-elemene in P. heptaphyllum [1, 22] , germacrenetype sesquiterpenes, together with α-copaene, γ-elemene and δ-cadinene in P. icicariba [23] , α-and β-selinene in P. strumosum, and β-caryophyllene, δ-cadinene and α-humulene in P. grandifolium [2] . Furthermore, in the leaf oil of some species, monoterpenes have been found as major constituents, besides β-caryophyllene, for example sabinene in P. spruceanum [24, 25] , myrcene in P. heptaphyllum [15] , limonene in P. lewelynii and p-cymenene in P. hebetatum [2] . Spathulenol (19.3%) and βcaryophyllene oxide (14.1%), the main constituents found in the essential oil investigated from leaves of P. confusum, have not been reported before in such high percentages in other Protium spp.
Concerning the essential oil from fruits, our sample, mainly constituted of limonene, 3-carene and p-cymene, is rather different from those reported earlier for other species of Protium. α-Terpinene [1] and α-and β-pinene [15] were described as the major components of the oil from fruits of P. heptaphyllum, whereas terpinene derivatives were found in P. icicariba [23] , and sabinene and limonene in P. spruceanum [25] .
However, very little data on the volatile constituents from bark and stems of Protium spp. are available in the literature reviewed. Sabinene and limonene have been reported as major components of the bark oil of P. spruceanum [25] , and terpinolene has been found in a high percentage in the oil from stems of P. heptaphyllum [22] . Both samples show a different composition from the essential oils of P. confusum.
Results on the antimicrobial and larvicidal activities are shown in Table 2 . Three out of the four essential oils investigated exhibited antibacterial activity against Staphylococcus aureus and Mycobacterium smegmatis. For both microorganisms, the MIC values in the case of the oil from leaves, which was the most active, were found to be 62.5 μg/mL. This activity could be in part due to the high β-caryophyllene oxide content of the sample, a compound for which antibacterial activity, particularly against S. aureus, has been previously reported [26, 27] . No activity was detected against the other microorganisms tested.
In contrast, the bark oil showed the highest larvicidal activity against A. aegypti with a LC 100 value of 125 μg/mL, followed by the oils from leaves, stems and fruits with LC 100 values of 250, 500 and 500 μg/mL, respectively.
In conclusion, the essential oils from different plant parts of P. confusum have an original chemical composition rather different from those reported earlier for other species of Protium. The major constituent of the fruit oil is limonene, whereas spathulenol, β-caryophyllene oxide, and βcaryophyllene are the characteristic main components of the leaf oil. The bark and stem essential oils have p-cymen-8-ol, spathulenol, and hexadecanoic acid as major constituents. Furthermore, the oils from bark, stems, and especially leaves are active against Staphylococcus aureus and Mycobacterium smegmatis. Additionally, the bark oil has a strong larvicidal activity against Aedes aegypti. 
Essential oil isolation:
Air-dried leaves, fruits, stems and bark were submitted separately to hydrodistillation for 3 h using the Clevenger type apparatus described in the European Pharmacopoeia [28] .
GC and GC-MS analysis:
Analyses of the volatile oils were carried out by GC-FID and GC-MS using two fused silica WCOT capillary columns with different stationary phases: Supelcowax™ 10 and methylsilicone SE-30 columns (30 m x 0.20 mm, 0.25 µm film thickness).
GC-FID analyses were performed on a Hewlett-Packard 6890 instrument, using the following analytical conditions: carrier gas, helium; flow rate, 1 mL min -1 ; oven temperature programmed from 80 to 220ºC at a rate of 4ºC min -1 ; injector temp., 250ºC; detector temp., 270ºC; split ratio, 1/60. Mass spectra were obtained with a computerized system constituted of a GC Hewlett-Packard 5890 series II coupled to a mass selective detector Hewlett-Packard 5971A, using the same analytical conditions as above. Mass spectra were taken over m/z 35-400, using an ionizing voltage of 70 eV.
Essential oils of Protium confusum Natural Product Communications Vol. 4 (10) 2009 1405 Identification and quantification: Essential oil constituents were identified on the basis of their GC retention indices, determined with reference to a homologous series of fatty acid methyl esters, and by comparison of fragmentation patterns of their mass spectra with those stored in our own library and in the GC-MS database, and with literature data [29] .
Quantification of each compound was performed on the basis of its uncorrected GC peak areas in both columns.
Antimicrobial activity:
The antimicrobial activity of the essential oils, dissolved in DMSO at a concentration of 1000 μg/mL, was assayed against two Gram-positive bacteria Staphylococcus aureus (ATCC 6538) and Mycobacterium smegmatis (ATCC 607), four Gram-negative bacteria Escherichia coli (ATCC 9637), Salmonella gallinarum (ATCC 9184), Klebsiella pneumoniae (ATCC 10031), and Pseudomonas aeruginosa (ATCC 27853), as well as against the yeast Candida albicans (ATCC 10231), following the method described by [30] . The standard antibiotics streptomycin sulfate and amphotericin B were used as positive controls. The bacteriostatic and fungistatic activities were determined by measuring the minimum inhibitory concentration (MIC) from diluted samples of 500, 250, 125, 62.5, 31.25, 15.6 and 7.8 μg/mL. All the experiments were performed in triplicate and the results expressed as mean values.
Larvicidal activity:
The larvicidal activity was tested against Aedes aegypti, according to the method used by Cepleanu [31] , with some modifications [32] . Briefly, eggs of A. aegypti, provided by the Ministry of Health of Panama, were incubated at 29-32 o C for 24 h in tap water, previously stored for 72 h, after which larvae were between stages I and II of development. Five to eight mg of essential oil was dissolved in 50 μg of DMSO and the concentration was adjusted to 1000 μg/mL with stored tap water. Essential oil concentrations of 500, 250, 125, 62.5, 31.2, 15.6 and 7.8 μg/mL were assayed in 96% microwell titer plates. In each well, 100 μL of a suspension containing 10-15 larvae were added and incubated at 25-28 o C for 24 h in the dark. The minimum concentration at which all larvae died (LC 100 ) was determined using a binocular microscope 10x. Tetramethrin, with a LC 100 value of 0.4 ± 0.02 μg/ml, was used as positive control.
